Introduction
Previously we have investigated the ability of normal-hearing listeners to perceive sentences in a variety of conditions involving the presence and absence of periodicity in both target speech and masker. Listeners were found to substantially benefit from masker periodicity, while there was no effect of periodicity in the target speech. Moreover, the maskerperiodicity benefit (MPB) was substantially larger than the fluctuating-masker benefit (FMB) obtained from sinusoidal 10 Hz modulations. Here we used a similar design and tested to what extent MBP and FMB were maintained in simulations of cochlear implants (CIs).
Factors that are thought to explain the periodicity benefit include the ability to cancel out harmonic maskers from the signal mixture [1] , the possibility to glimpse sections of the target speech in between the individual harmonics [2] , and the sparse modulation spectrum [3] . Access to spectral information is severely limited with current CIs [4] , limiting the role of the former two factors, but we still expected listeners to benefit from temporal regularity and reduced modulation masking.
Most CI users also show little or no FMB [5] , which can at least in part be attributed to the elevated Speech Reception Thresholds (SRTs) [6] . Kwon and colleagues [7] recently introduced a masker that maximises glimpsing opportunities by reducing the temporal overlap with the speech. Quite surprisingly, even in the absence of energetic masking, few of their listeners showed substantial FMBs, suggesting that CI users may find it particularly difficult to identify the segmental boundaries between speech and noise. In order to further investigate this idea, the current study included this type of masker in addition to steady and modulated interferers.
Methods
Twelve normal-hearing listeners were tested (18-21 years). Targets were recordings of the BEL sentences [8] spoken by a male Southern British English talker, processed to have an aperiodic, mixed, or periodic source excitation using TANDEM -STRAIGHT [9] . Harmonic complexes based on the F0-contours of real speech (interpolated through silence and voicelessness) were used as periodic maskers, while speech-shaped noise was used as aperiodic masker. Masker envelopes were either steady, 10-Hz modulated, or adjusted to be the inverse of the target sentence envelope in 50 ms steps (+MR) [7] . The signal mixture was 8-channel noise-vocoded to simulate CI processing (equal basilar membrane distance, frequency range 70 Hz-4 kHz, 400 Hz envelope low-pass filter). Participants listened to 20 sentences in each of the 18 conditions (3 targets x 6 maskers) and SRTs were measured by tracking 50% correct.
Results
Listeners benefitted substantially from masker periodicity and to a lesser extent also from sinusoidal modulations. However, SRTs with the +MR maskers were similar to those with steady maskers. A mixed effects model returned significant main effects of masker periodicity (p < .001) and masker envelope (p < .001), but neither the main effect of target periodicity (p = .29), nor any of the interactions were significant (p ≥ .41). 
Discussion
Compared to normal hearing, MPB and FMB were reduced to about half their size with simulated CIs (on average from about 9 to 4 dB and 4 to 2 dB). However, even in the absence of salient pitch cues, the MPB was still twice as large as the FMB. In addition, although they did not energetically mask the targets, the +MR maskers with their speech-like envelopes led to similar SRTs as steady interferers. Because spectral cues that aid stream segregation are largely unavailable, CI processing thus appears to have a particularly detrimental effect on the listeners' ability to distinguish segments of target speech and masker.
Conclusions
Although its perception is restricted by CI signal processing, masker periodicity was found to aid speech perception to a greater extent than superimposed masker envelope fluctuations.
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